Various angiosperms differed in their monovinyl and divinyl protochlorophyllide biosynthetic capabilities during the dark and light phases of photoperiodic growth. Some plant species such as Cucumis sativus L., Brassicajuncea (L.) Coss., Brassica kaber (DC.) Wheeler, and Portulaca oleracea L. accumulated mainly divinyl protochlorophyllide at night. Monocotyledonous species such as APena sativa L., Hordeum Pulgare L., Triticum secak L., Zea mays L., and some dicotyledonous species such as Phaseolus vulgaris L., Glycine max (L.) Meff., Chenopodium album L., and Lycopersicon esculentum L. accumulated mainly monovinyl protochlorophyllide at night.
L., and Lycopersicon esculentum L. accumulated mainly monovinyl protochlorophyllide at night.
Under low light intensities meant to simulate the first 60 to 80 minutes following daybreak divinyl protochlorophyllide appeared to contribute much more to chlorophyll formation than monovinyl protochlorophyllide in species such as Cucumis sativus L. Under the same light conditions, species which accumulated mainly monovinyl protochlorophyllide at night appeared to form chlorophyll preferably via monovinyl protochlorophyllide.
These results were interpreted in terms of: (a) a differential contribution of monovinyl and divinyl protochlorophyllide to chlorophyll formation at daybreak in various plant species; and (b) a differential regulation of the monovinyl and divinyl protochlorophyllide biosynthetic routes by light and darkness. 27); this observation was recently confirmed by others (11) ; (b) the nascent MV Chlide a is converted to MV Chl a (4) and the bulk of the nascent DV Chlide a is converted first to MV Chlide a (10) and then to MV Chl a (23) ; (c) a small fraction of the DV Chlide a is also converted to DV Chl a (21) .
The proportion of MV and DV Pchlide in etiolated and greening plants has been shown to be influenced by light and to vary among species (2, 3, 5, 23 (3, 23) .
The effect of alternating light and darkness on the MV and DV Pchlide biosynthetic capabilities of plants growing under natural photoperiods has not been investigated. Nor is it known to what extent differences in the MV and DV Pchlide biosynthetic capabilities contribute to the Chl biosynthetic heterogeneity in various plant species. We have therefore undertaken a systematic research effort aimed at assessing the occurrence and extent of this Chl biosynthetic heterogeneity in green plants. In this work, we report that various angiosperms growing under photoperiodic conditions differ drastically in their MV and DV Pchlide biosynthetic capabilities, both in darkness (i.e. at night) and in the light.
Protochlorophyllide is the precursor of most of the Chl a in greening etiolated plants (26) , and in plants growing under natural photoperiods (7, 8 Spectrofluorometry. Fluorescence spectra were recorded on a fully corrected, photon counting spectrofluorometer model SLM 8000 DS, equipped with two red-sensitive extended S20 photomultipliers (EMI 9658) and interfaced with a Hewlett-Packard microcomputer model 9825A. Pigment solutions were monitored either at room temperature in a cylindrical microcell 3 mm in diameter or at 77 K as described previously (8) . At room temperature, excitation and emission bandwidths of 2 nm were used. At 77 K, the emission bandwidth was varied from 0.5 to 4 nm depending on signal intensity. The photon count was integrated for 0.5 s at each 1-nm increment.
Quantitation of MV and DV Pchlide. The amount of MV and DV Pchlide in a sample was determined from the total content of Pchlide and from the ratio of MV to DV Pchlide in the sample. The total amount of Pchlide was determined by spectrofluorometry at room temperature as described elsewhere (19, 22) . The ratio of MV to DV Pchlide was determined from fluorescence excitation spectra recorded at 77 K in ether, using the following equations:
MV cumulation of MV and DV Pchlide in the Light. Since various plant species differed markedly in the proportions of MV and DV Pchlide that they accumulated after 10 h in darkness, we wondered whether there would also be differences among plant species in their MV and DV Pchlide biosynthetic capabilities during the first few hours of daylight. Since we lacked the experimental facilities for simulating precisely the gradual increase and variation in light intensity and quality which take place following daybreak, the plants were illuminated with 100 ft-c of phototransforming white fluorescent light. This light intensity approximated the average insolation during the first 60 to 80 min following daybreak on a summer day. The results of these investigations are presented in Table II and in Figure 3 .
In all cases, total Pchlide levels were highest at the end of the dark period (0 h light) and fell rapidly after 30 min in the light. This was expected as a result ofthe photoconversion of the darkaccumulated Pchlide to Chlide a. Furthermore, differences in the pattern of MV and DV Pchlide metabolism in low light were observed among plant species.
One type of response to low illumination was observed in cucumber cotyledons. Cucumber belonged to the group ofplants that had accumulated DV Pchlide throughout the dark phases (10 h) of photoperiodic growth. As depicted in Figure 3A , the MV Pchlide content underwent a steady decline during 4 h of illumination. On the other hand, after an initial decline in DV Pchlide levels during the first 30 min of illumination, probably due to photoconversion to Chl(ide) a, the DV Pchlide content underwent an increase both in absolute and in relative amounts (Fig. 3A) . Such an increase in Pchlide synthesis under low illumination has also been observed by others (12) . By the end of 2 h of illumination, DV Pchlide constituted about 90% of the Pchlide pool. Cucumber cotyledons that were left in darkness for 17 h instead of the usual 10 h behaved in essentially the same way. During prolonged darkness, the MV Pchlide content had become higher than that of DV Pchlide (Fig. 1B Over and beyond the species-dependent differential contribution of MV and DV Pchlide to Chl formation at daybreak looms the question of the biochemical origin of this phenomenon. At this stage, two extreme possibilities can be envisaged. With strict adherence to the traditional single-branched pathway of Chl biosynthesis (13) , one might hold that the decrease in DV Pchlide and increase in MV Pchlide content was due to the conversion of DV Pchlide to MV Pchlide. Likewise, the increase in DV Pchlide content might be considered to result from an inhibition of DV Pchlide conversion to MV Pchlide in darkness and/or from a rapid conversion of MV Pchlide to Chlide a in the light. None of these hypotheses appears to be tenable. Indeed, it has been impossible to demonstrate the conversion of DV Pchlide to MV Pchlide in potent cell-free systems (B. C. Tripathy, C. A. Rebeiz, unpublished data).
A better interpretation of the data can be made within the conceptual framework ofa multibranched Chl biosynthetic pathway (15, 16, 23) . Such an interpretation would hold that light and darkness control and regulate the rates of Chl formation via separate MV and DV Chl biosynthetic routes. This in turn: (a) is compatible with the proposal that the function of separate Chl biosynthetic routes is to control and regulate the orientation of specific Chl molecules at specific sites in the thylakoid membranes (6, 17, 23) ; and (b) is also compatible with the demonstration of separate and independent MV and DV Pchlide biosynthetic routes which originate in MV and DV protoporphyrin IX. These two biosynthetic routes were recently demonstrated in toto in cell-free systems prepared from greening monocots and dicots (B. Tripathy and C. A. Rebeiz, unpublished data). What is not accounted for by the above hypothesis is the fate of the transient DV Pchlide which is formed in barley, wheat, cotton, and bean during the initial stages of darkness. We are presently
